Background Multiple sclerosis (MS) registry data, primarily from Europe, suggest that treatment with natalizumab delays time to relapse compared with platform therapy (interferon beta/glatiramer acetate). Objective This study uses US administrative claims data and propensity score matching (PSM) to compare relapse rates and time to relapse among patients with MS using either platform therapy or natalizumab. Methods Adults with MS receiving either platform therapy or natalizumab between January 1, 2009 and April 1, 2012 were identified in the Truven Health MarketScan Ò Research Databases. Patients were included if they had 12 months of continuous enrollment both before and after the index date (the first claim for either drug cohort) and had 12 months of claims data suggesting consistent treatment adherence during the follow-up period. Characteristics used in PSM included demographics, selected comorbidities and concomitant medications, MS severity, baseline relapse rates, and expenditures. A relapse was defined as an MS-related hospitalization or corticosteroid use. Results A total of 882 patients were matched. Relapse occurred among significantly fewer patients in the natalizumab group (26.5 %) than platform therapy (35.5 %, p \ 0.001) (hazard ratio 0.69; 95 % CI 0.59-0.82).
Introduction
Multiple sclerosis (MS) is a leading cause of disability among young adults, affecting approximately 400,000 people in the US and 2.5 million worldwide [1, 2] . Research has shown that early treatment with an FDAapproved disease-modifying therapy (DMT) following an MS diagnosis reduces the severity and frequency of relapses and some therapies may slow worsening of disease [3] . Several factors that influence which DMT a patient initiates include the desired clinical outcome, the patient's risk-benefit profile and the patient's preference for route and frequency of administration. In the phase III AFFIRM (natalizumab safety and efficacy in relapse-remitting MS) trial, natalizumab, when compared to placebo, showed a 68 % reduction in annual relapse rate at 2 years and a 42 % reduction in the risk of disability progression confirmed at 12 weeks [4] . Platform therapies (interferon beta (IFNb)-1a, IFNb-1b and glatiramer acetate) have also been shown to be efficacious by achieving an approximate 30 % reduction in the annual relapse rate versus placebo, but not all platform therapies have shown a significant reduction in disability progression [5] [6] [7] .
Few studies have attempted to evaluate disability worsening outside of a clinical trial, and over a longer follow-up period. One retrospective analysis of the AFFIRM study by Havrdova et al. reported that over a 2-year study period, 64 % of natalizumab patients were free of clinical disease activity, 58 % were free of radiological disease activity and 37 % were free of combined activity (p \ 0.0001) [8] . In a recent health resource utilization study, Bonafede et al. demonstrated that the results from clinical trials often translate well to real-world reductions in utilization [9] . In the 12 months following natalizumab initiation, 68.5 % fewer patients experienced an MS-related inpatient admission and half as many (50.6 %) required corticosteroids. In a prospective observational study of MS patients from two Italian MS centers, Prosperini et al. found that escalating to natalizumab resulted in a significant reduction in relapse compared with switching among platform therapies [10] . In a retrospective observational study analyzing data from three Italian MS center databases, Lanzillo et al. reported that patients who switched to natalizumab from platform therapy experienced a significant reduction in the annualized relapse rate over the 12-month follow-up period [11] .
While observational studies present more realistic data than those obtained from randomized clinical trials (RCTs), they are subject to selection bias. For instance, in the Lanzillo study, patients with certain clinical or demographic characteristics were more likely to be switched to natalizumab. To counter these confounding effects, Spelman et al. used propensity scores to match the comparison groups on characteristics such as disability, disease duration, and relapse history to report the effectiveness of natalizumab compared with platform therapy in a realworld population using data from MS registries, largely in Europe. Consistent with previous literature, patients in this matched population who switched from platform therapy to natalizumab had significantly longer time to relapse than patients who switched to a different platform therapy [12] .
To our knowledge, this study is the first to corroborate these European findings with US administrative claims data. We used propensity score matching (PSM) to compare relapse rates and time to relapse among commercially insured patients with MS who were administered platform therapy or natalizumab for 12 months.
Materials and Methods
The Patients were included if they had a medical claim with an International Classification of Diseases, ninth revision, clinical modification (ICD-9-CM) diagnosis code for MS (ICD-9-CM code 340) during the 12 months prior to the index date (pre-period). Patients were also required to have medical and prescription claims history and continuous eligibility during the pre-period and for the 12 months following the index date (post-period). Patients were required to remain on their index drug for the entire 12-month post-period, which was verified by the presence of at least one claim for the index drug in each of the 12 follow-up months. Patients who had claims with a diagnosis of pregnancy or delivery during any point in the preor post-period and those with evidence of using a nonindex MS therapy in the pre-period were excluded from the analysis. Platform therapies consisted of the following DMTs: IFNb-1a (AVONEX Demographic and clinical characteristics were captured for the index date and during the pre-period, respectively. Demographic characteristics included age, gender, geographic region, health insurance plan type and urbanicity. Comorbidities and concomitant medications during the pre-period were also described and included those common in patients with MS (e.g., bladder dysfunction, fatigue, headache, other chronic pain, depression, and use of corticosteroids, benzodiazepine, muscle relaxants, antispasmodics and antidepressants).
The patient's MS severity was measured using a claimsbased algorithm adapted from Kurtzke's Functional System (KFS) [13] . The algorithm assigns a weight (1-6) to each of the measures in Kurtzke's FS using ICD-9-CM codes on administrative claims (and for one measure, prescription claims) which correspond to each measure in seven out of the eight functional systems. For example, one measure of pyramidal functions is ''abnormal signs without disability''; this was recorded if a patient had a claim coded to ICD-9-CM 781.2 (abnormality of gait), and assigned a weight of 1. A more severe measure, ''the inability to swallow or speak'' in brainstem functions, was recorded if a patient had a claim coded to ICD-9-CM 438.82 (other late effects of cerebrovascular disease, dysphagia), 787.2x (dysphagia) or v41.6 (problems with swallowing and mastication) and assigned a weight of 5. The sum of a patient's weights across the 65 measures of function thus generated a severity score.
To adjust for differences in patient profiles which may confound findings, PSM using a logistic regression model was conducted on the probability of a patient receiving natalizumab. Patients in the natalizumab treatment arm were matched 1:1 to the pool of patients in the platform treatment arm with a similar predicted probability using the nearest neighbor matching technique with a caliper of 0.25 standard deviations (SD) of the propensity score. Matching factors included age, gender, region, health plan type, index year, selected comorbidities and concomitant medications, MS severity, pre-period relapse (binary variable indicating presence of an MS-related inpatient admission or use of corticosteroids), and pre-period expenditures. To examine the quality of the match, we calculated the standardized difference, which does not depend on sample size. The match was considered successful if the standardized difference was \10 for the majority of matching factors [14] .
Post-period outcome measures consisted of relapse rate and time to relapse. Relapse was defined using an adaptation of a claims-based algorithm first described by Ollendorf et al. [15] and subsequently validated by Chastek and colleagues [16] . The presence of any of the following during the post-period indicated relapse: an MS-related inpatient stay (hospitalization with ICD-9-CM 340 as the primary diagnosis), or intravenous (IV) or oral corticosteroid use. Time to relapse was calculated as the number of days from the index date until the earliest occurrence of a relapse. This outcome was evaluated using a univariate Cox Proportional Hazard model to compare the time to relapse between the group who received platform therapy and those who received natalizumab. A sensitivity analysis was performed using a Cox Proportional Hazard model adjusting for the following confounders: age, gender, preperiod MS-related inpatient admissions, pre-period corticosteroid use (any, IV, oral), pre-period expenditures and MS severity. Multicollinearity of the independent variables was tested by calculating the variance inflation factor (VIF). The Schoenfeld test and a variety of graphical methods were used to verify that all variables met the proportionality assumption of the Cox modeling approach.
Results
The total sample comprised 897 natalizumab patients and 6605 platform therapy patients who met all study inclusion and exclusion criteria. After 1:1 matching, 882 natalizumab patients (mean age 45.4 [SD 10 .0] years, 69 % female) were matched to 882 platform therapy patients (mean age 45.3 [SD 10.5] years, 70 % female). Over one-third of patients (35-37 %) had evidence of other chronic pain, more than one in four had a headache diagnosis and at least 16 % had been diagnosed with bladder dysfunction, depression or fatigue. Approximately half of the final study sample (49-52 %) had been prescribed antidepressants and up to 40 % had prescriptions for muscle relaxants (37-41 %), corticosteroids (37-39 %), benzodiazepines (32-33 %) and anti-spasmodic agents (30-35 %). Cohorts were well matched with standardized differences \10 for all matching factors (Table 1) .
Individual measures within the seven functional systems differed between the two cohorts before matching, with a greater proportion of platform patients having a disturbance of skin sensation (21.4 vs 8.7 %) and a lower proportion having abnormality of gait (8.3 vs 10.5 %) and a prescription for dalfampridine (0.3 vs 2.2 %) compared with natalizumab. After matching, the proportions of patients with these characteristics were similar (9.6 vs 8.8 %, 9.8 vs 10.3 % and 0.9 vs 1.9 %, platform vs natalizumab, respectively) (Fig. 1) .
After matching, significantly fewer natalizumab patients experienced post-period relapses compared with those on platform therapy (26. Table 2 ; Fig. 2 ). Duration of relapse-free time was also longer for the natalizumab patients; they experienced 25 more days without a relapse during the 12-month post- Among propensity-matched patients, the presence of baseline corticosteroid use was associated with a significantly increased risk of relapse during the follow-up period (HR 2.0; 95 % CI 1.42-2.88; p \ 0.001); however, there was no increased risk associated with baseline MS-related inpatient admissions (HR 1.1; 95 % CI 0.73-1.56; p = 0.731). Overall, patients with an MS severity score[0 had an increased risk of relapse. Compared with patients 18-34 years of age, those 45-54 years of age were more likely to experience a relapse (HR 1.44; 95 % CI 1.10-1.88; p = 0.007). Higher pre-period expenditures were also associated with an increased risk of relapse (HR 1.16; 95 % CI 1.03-1.30; p = 0.014). In contrast, significant interactions were not seen for sex or among any of the other age groups.
Discussion
Findings from the current study suggest that initial treatment with natalizumab compared with platform therapy significantly reduces the risk of relapse among commercially insured patients in the US. Patients who were being Fig. 1 Level of disability by functional system, pre-and post-propensity score matching CDHP consumer driven health plan, EPO exclusive provider organization, HDHP high deductible health plan, HMO health maintenance organization, IV intravenous, N number, POS point of service, PPO preferred provider organization, SD standard deviation treated with platform therapy were 34 % more likely to have a relapse compared with those treated with natalizumab. Patients on natalizumab went nearly a month longer without relapse compared with matched patients on platform therapy. During the 12-month post-period, patients on natalizumab had significantly fewer MS-related inpatient admissions and significantly less corticosteroid use than their matched platform therapy counterparts.
These findings are consistent with a similar comparison among propensity-score-matched patients across two separate MS registries in which patients who switched to natalizumab had an annualized relapse rate 83 % lower than those who remained on platform therapy [12] . In an analysis of MS patients initiating or switching to natalizumab, Bonafede et al. reported similar findings to the current study [9] . Significant reductions in MS-related inpatient admissions and corticosteroid use were noted during a 12-month follow-up period for both initiators and switchers (77.1 and 44.7 % reduction in admissions; 64.5 and 52.5 % reduction in corticosteroid use, respectively) [9] . In this study, natalizumab and platform patients were substantively different in terms of disease severity and baseline demographics and clinical characteristics prior to matching. Differences in baseline characteristics suggests (but does not confirm) the presence of channeling bias whereby more complicated or severe patients may have been channeled to natalizumab instead of platform therapies. Similar differences in patient characteristics prior to matching were also described by Spelman et al. [12] According to Spelman et al., baseline differences in the unmatched cohorts significantly impacted the study outcome of relapse rate as natalizumab patients had significantly greater disease severity.
Our findings are also supported by results of the phase III AFFIRM study in which the annualized relapse rate for patients on natalizumab compared with those on placebo decreased by 68 % at year 1 [4] . Furthermore, in their interim analysis of the ongoing TOP (Tysabri Observational Program) prospective observational study, Butzkueven et al. reported that the mean annualized relapse rate decreased significantly in the first year after natalizumab treatment and was lower for those patients who used natalizumab as their first treatment [17] . In their prospective observational study, Prosperini et al. compared patients who switched from platform therapy to natalizumab with patients who switched from one platform therapy to another [10] . Prosperini reported that a lower proportion of patients who escalated to natalizumab experienced a relapse compared with those who switched to a different platform therapy. A similar result was present in this current analysis, suggesting better effectiveness with natalizumab versus platform therapy for treatment-naïve or previously treated patients after controlling for differences in patient and disease severity characteristics among platform and natalizumab users.
Limitations
Several limitations are noteworthy. First, the study population in our analysis is limited to those individuals with commercial health coverage or private Medicare supplemental coverage. Consequently, results of this analysis may not be generalizable to MS patients with other insurance or without health insurance coverage. Secondly, as with any claims databases, the MarketScan Research Databases rely on administrative claims data for clinical detail, some of which is missing because it is not captured in claims and are subject to data coding limitations and data entry error. Although the Kurtzke's FS score was used as a proxy to determine severity, other key clinical measures are not available in claims data, so the cohorts could not be matched for all disease severity measures. Additionally, the KFS algorithm is currently experimental and future planned work includes validating the algorithm. Thirdly, the number of relapse events captured is likely to be an underestimate as the criteria (evidence of MS-related hospitalization or IV/ oral corticosteroid use) did not capture less severe relapses that would not have resulted in a hospitalization or corticosteroid use. Fourthly, the patients in the current study were required to stay on therapy for the 12-month postperiod, so patients who discontinued therapy or switched to another therapy within the 12-month post-period were not analyzed. Fifthly, pre-index exposure to other MS-specific disease-modifying treatments was not included in the match as the study design (and data source) is not adequate to define total time on DMT therapy or time since MS diagnosis as they contain only a relatively short portion of patient-time for the MS patient. Sixthly, because administrative claims data were used, we were unable to examine relapse or time to relapse for different types of MS (e.g., remitting-relapsing, secondary progressive), which are not distinguished in the ICD-9-CM coding. Lastly, the inferences drawn by this study are reliant upon the data available for inclusion in the PSM and multivariate analysis. We could not assess if differences in unobserved characteristics between the treatment cohorts might impact the study results or conclusions.
Conclusion
Use of natalizumab for MS was associated with significantly lower risk and rate of relapse compared with treatment with IFNb/glatiramer acetate (platform therapy) among propensity score-matched patients. Natalizumab patients also had significantly more relapse-free time than platform patients during the 12-month follow-up period.
